Background: Numerous safety promotion interventions in schools exist but these are rarely subject to impact evaluation. Few available studies are focused on intermediate outcomes. Our objective is to evaluate the impact of prevention interventions on school injuries in a number of schools in Italy. Methods: A pre-poststudy with a control group was used. One hundred and three intervention units were selected; control units were selected randomly from those which did not implement safety projects. The general objective was to promote a safety culture by increasing expertise and knowledge, and by enabling the adoption of appropriate behavior. All projects combined various elements: training and educational, information and communication, as well as organizational. The projects evaluated in this article were specifically aimed at safety in indoor premises; they were implemented in 2009-10. Injury rates standardized by gender were calculated for 5 school years (from 2007/2008 to 2011/2012) stratified by type of school and place of occurrence. To assess the effectiveness the difference-in-differences method was used. Results: Overall, 207 012 student-years and 2918 school injuries were considered. In all types of schools, the injury rates in indoor areas show a decreasing trend in the intervention units and an increasing trend in the control units. In high schools, there were no changes in the trend of injuries occurring in the gym and/or related to sports activities. Conclusions: The results suggest a positive short-term effect of the programs on injuries occurring in indoor premises. The quasi-experimental design has never been previously used to evaluate the effectiveness of a prevention program in schools.
Introduction
T he WHO and UNICEF 1 stress the significance of injuries as a cause of mortality and disability in children. Despite progress in other areas, injuries are a persistent problem for children and young people worldwide. 2 Schools are an ideal place to implement health and safety projects through educational initiatives. Over the last decade, the importance of evidence-based prevention programs has increased, as has the need to evaluate the programs implemented. A program can be defined as evidence-based if a positive impact on the relevant outcomes has been demonstrated: it is not sufficient to simply implement a program; its effectiveness must be demonstrated. 3 Specifically, it is vital to focus the evaluation on effectiveness in terms of health outcomes and not just intermediate outcomes, such as improved knowledge. 4, 5 In fact, it has been noted that knowledge improvement does not always imply a behavioral change which may have positive impact on health outcomes. [6] [7] [8] Many programs aimed at reducing injuries amongst school-age children have been implemented. However, the great majority was never evaluated in terms of their effectiveness. 9 Nevertheless, evaluation is a key element of injury prevention, since it can provide vital guidelines for redesigning actions. 10 In Piedmont, a region northwest of Italy, a partnership has been in place for a number of years with the key players involved in safety at school: the Health Directorate of the Piedmont Region, the Regional Schools Office (USR) and the Regional Directorate of the National Insurance Institute for Work Injuries (INAIL). In 2009-10, the 'Promotion of safety culture in schools' program was developed. This program had established school networks for the promotion of safety, distributed throughout the region, for a total of 170 schools. Each network is composed of a team of schools working together to achieve common goals, and is coordinated by a reference teacher with expertise in health and safety.
Reference teachers attended a training course at the end of which specific projects were implemented. 11 The general aim of the projects was to promote and develop a safety culture by increasing expertise and knowledge, and by enabling the adoption of appropriate behavior. All projects included actions aimed at individuals as well as the organizational context; they combined training and educational, information and communication and organizational elements. Actions were aimed at students, teachers, other staff and sometimes parents. A plan for evaluating the impact of interventions on school injuries was initiated, also because the general trend of school injuries in Piedmont had increased between 2006 and 2010. The projects taken into account in this article were specifically aimed at safety in indoor premises and related dynamics. In the Supplementary material, the training course and the objectives and methods of each individual project evaluated in this study are explained in more detail.
The objective of this article is to evaluate the impact of prevention interventions on school injuries in a number of schools in Piedmont.
Methods

Study sample
The unit used in the study is the individual school building. Schools may include one or more buildings (the main building and one or more separate units), which may include different types of schools. For each building, USR provided the number of students, stratified by gender and school year.
The study was designed as a pre-post-study with a paired control group. One hundred and three intervention units which involved all classes were selected along with 103 control units from those which did not implement safety projects during the relevant time period. The control units were selected randomly with a 1:1 match in terms of size and type of school.
The outcome assessed in the impact evaluation is the injury rate per student-year.
For the purposes of the evaluation project, all 206 units were requested to provide data related to school injuries. By the end of the data collection period, data were available for 187 units: 68 intervention units and 119 control units. The 68 intervention units were 66% of those initially contacted. Regarding the control units, 72 out of the 119 were among those initially contacted (70%), while 47 were additional units for which data were sent because they were part of the same school or network of the selected units.
Outcome
In Italy, all schools must record all student injuries in a specific register kept by the school's secretary. By injury is meant any accident which causes a trauma to one or more people and does not therefore include illness. Because there is no centralized recording system, each individual unit was requested to provide data related to injuries occurring between 2008 and 2012. For the purposes of this article, the following information was requested: gender, age, date and place of occurrence, days of absence from school.
Only injuries occurring in indoor premises and gyms were considered for the analysis, since the first were the subject of the projects and the second as a comparison group. Gym injuries were chosen for two reasons: they have different causes because they are usually related to the dynamics of playing games, are numerous and allow stable rates to be calculated. Indoor premises include: hall, classroom, toilets, corridor, kitchen, building, entrance, lab, canteen, stairs and changing rooms.
The analyses carried out for this study took into consideration all injuries leading to absence from school for at least 3 days.
Statistical analysis
In order to verify comparability, the intervention and control units were Since injury data were available only from 2008 onwards, in order to calculate the rate for the 2007/2008 school year, the denominator was weighted over 8 months.
For the impact evaluation, the difference-in-differences (DID) method was used, which is suitable for observational data. 12, 13 This is a quasi-experimental technique which enables comparison of the change in an outcome before and after an intervention in an exposed group, with the change in an unexposed group. The general idea is that, even if the exposed and unexposed groups have different baseline levels, and assuming that trends in the case of no intervention would be acquired equally by both groups, then the difference of change in the outcome between exposed and unexposed groups is an estimate of the effect of the intervention.
The DID linear model used in the analysis is the following:
Where T is a dichotomous variable indicating the group (T = 0 control and T = 1 intervention); P is a dichotomous variable indicating the period (P = 0 pre-and P = 1 post-); (TxP) is the interaction between the intervention and the period; S is a control variable indicating the gender. b 3 represents the DID estimate which quantifies the difference in intra-group pre-post means between the intervention and control groups. school years. DIDs were calculated for all injuries, but were also stratified by type of school and place of occurrence.
In addition, a Poisson model was used to calculate a relative measure of effect.
Statistical analyses were performed using STATA 13.0 (STATA Corp., TX, USA).
All activities were conducted in accordance with Italian regulations on privacy and with the approval of the institutes involved.
Results
The comparison between the intervention and control groups indicates that there are no differences either in terms of school size or class density. Vice versa, there are differences in terms of distribution by gender: for this reason the rates were standardized and the DIDs adjusted. Table 1 shows the absolute number of total injuries, those occurring in indoor premises and gyms, and the number of student-years in the intervention and control units stratified by type of school. Furthermore, the percentage of males and the mean class density are shown. Table 2 shows the crude injury rates in indoor premises and in gyms in the intervention and control units, stratified by school year and gender. The intervention units show higher injury rates for the entire period compared with the control units, for both genders. Males have higher injury rates compared with females. Overall intervention units show decreasing injury rates in indoor premises and increasing or stable rates in gyms, while control units show increasing rates in indoor premises and increasing or stable rates in gyms. Figure 1 shows the standardized injury rates by gender-in total and stratified by type of school-occurring in indoor premises, as well as the DID estimate from the linear models. All graphs highlight a decreasing trend in the intervention units and an increasing trend in the control units. In the 2011-2 school year, injury rates in the intervention units are lower than in the control units, both in primary and junior high schools. The DID for all units, adjusted by gender, indicates that the intervention had a significant effect on injuries occurring in indoor premises, equal to an absolute reduction of 0.2% in the injury rate (62% relative reduction). The injury rate ratios (RRs) by type of school are: 0.41 (P < 0.001) for primary schools, 0.29 (P = 0.003) for junior high schools, 0.41 (P = 0.003) for senior high schools.
The absolute effect is significant in all types of schools, but is more marked in primary and junior high schools. As regards junior high schools, the results must be interpreted with caution because of the small numerators. Figure 2 shows the rates of injuries occurring in gyms, standardized by gender, in total and stratified by type of school, as well as the DID estimate from the linear models. In high schools the trend was the same in the two groups. However, we observe a significant reduction only in the primary school injury rate, both absolute and relative (RR = 0.38, P = 0.004).
Discussion
In the period 2008-12, in all types of schools, the rates of injuries occurring in indoor premises show a decreasing trend in the intervention units and an increasing trend in the control units. This suggests that the interventions had a positive impact on injuries. The projects evaluated were specifically aimed at safety in indoor premises and the related dynamics. The methodologies used, based on the analysis of each unit's specific needs, led to the implementation of teaching activities, practical and interactive actions, as well as to the development of information material. These were coupled with process monitoring in terms of usefulness of acquired knowledge, compliance with qualitative criteria, approval ratings and adoption of safer behavior.
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The quasi-experimental DID method enabled several threats to the internal validity of the study to be managed. First of all, unlike a classic pre-post-study, the addition of a control group enables the impacts of the intervention to be distinguished from those of external circumstances. The control group must be a valid counterfactual and its dynamics must mimic those of the intervention group in the absence of the intervention. Here, the injury rates of the control group increase over time. The trend is the same as the Piedmont Region in the years from 2007 to 2012. Another point is that the intervention and control units have the same trend as injuries occurring in gyms. This is further confirmation that the control group is a good comparison; in fact, it is reasonable not to expect differences in these types of injuries which were not the focus of the projects.
The assumption of the common trend could also be violated if there are characteristics that change over time and that can influence the dynamics. As regards the observed variables, such as school size and gender, there were no changes over time in the intervention and control groups, stratified by type of school. Moreover, in our opinion there are no unobserved variables that varied differently in the two groups over time. Baseline differences are important only if they can determine the subsequent dynamics, but this is not the case. As shown in Table 2 , compared with females, males have higher injury rates but both have the same trend.
Furthermore, during the study period, there were no other concurrent actions which may have had a differential effect on the intervention and control units.
In the end, taking the control group as a valid counterfactual, the results suggest that the decrease in injury rates seen in the intervention group is not due the natural dynamics of the phenomenon, but might be a positive effect of the intervention.
The advantage of having two measurements before and two after the intervention not only ensures that estimates are more reliable, but also that the trend is not attributable to a regression towards the mean. As shown in Figure 1 , the rates of the intervention units are repeatedly higher before and repeatedly lower after the intervention. The opposite is true for the control units. Moreover, the maturity effect, which concerns the increase in experience over time, cannot influence these results which are limited to evaluation of effectiveness in the short term.
There is no concern for differential attrition since the response rate of the units initially selected is similar between intervention and control units; statistical tests did not highlight differences between respondents and non-respondents. Moreover, the reasons for not taking part in the study were decidedly random: change in school managers responsible for decisions on project participation; inability to collect data for logistical and organizational reasons; mergers and abolishment of institutions, which make the collection of data difficult.
In high schools, there were no changes in the trend of injuries occurring in the gym. If there had been significant improvements in contexts which were not the subject of interventions, it would have been logical to assign the observed decrease to other factors rather than to the projects. An improvement was noted in primary schools; however, it must be highlighted that the number of injuries occurring in the gym is small and significantly lower than those in other types of schools. This is linked to the fact that in this type of school, although physical education is included in the curriculum, there is no dedicated teacher and the lessons do not take place regularly.
In all types of schools, injuries in the gym show higher rates than all other types of injury. It is therefore clear that during physical education activities, students are more vulnerable to injuries, especially to the upper and lower limbs. [14] [15] [16] Such injuries are often related to a lack of motor-coordination 17 and not to the intrinsic risk of sports activities: the implementation of appropriate prevention programs can decrease the incidence of injuries, especially in children who do not habitually practice physical activity. 18 The literature highlights the methodological shortcomings of impact evaluation studies on safety promotion interventions in schools. 5 Despite the fact that there are numerous experiences and active projects, these are rarely subject to impact evaluation.
Studies are few, and results are measured in terms of knowledge acquisition and/or change in behavior. 19 The rare studies which Figure 2 Injury rates (per 1000 students) in gyms, standardized by gender and stratified by type of school; DID estimates from the linear model measure impact on injuries relate to physical interventions (replacement of mats under children's toys) or school programs for the prevention of injuries related to sports activities. 18, 20 This article presents the first Italian experience on impact evaluation of safety promotion interventions in schools.
One of the strengths of the study is the fact that injuries were recorded directly by the schools and thus include less serious events which would not require recourse to Accidents and Emergencies. Reporting habits did not change in intervention units due to the projects. In fact, if they had changed this would have also affected injuries occurring in gyms. Another strength is that, overall, the number of schools and students involved is particularly high.
The main limitation of this study relates to its generalizability. In fact, the intervention units were not selected randomly but their participation in the projects was voluntary. Probably units which had more need decided to promote the projects and, as a consequence, this group resulted in higher starting injury rates compared with control units. This limits the external validity of the results to those schools which start from quite high injury rates.
Another limitation relates to data quality. The injury recording methods varied substantially between different schools: some kept an electronic register, while others kept it in paper format. Although a common list of information to be collected was agreed, a standard for accuracy was not defined. From 1 July 2013, reporting of school injuries through the electronic portal of the Ministry of Education, University and Research became compulsory. In order to file a report it is now necessary to fill in all the fields requested by the system, therefore the quality of information should improve.
In conclusion, the results suggest a positive short-term (2 years on) effect in the intervention units compared with the control units. However, the literature suggests that evaluation of the effects of prevention interventions should be sufficiently long (at least 3 years). 5, 21 It is the authors' intention to complete this work by taking advantage of the simplified data collection afforded by the new electronic injury recording systems. This would allow a better evaluation of how often the interventions should be repeated, considering that students change school type as their age increases.
This work demonstrates that by using the information available in individual school systems, it is possible to measure the health impact of safety promotion programs in a real context. It is desirable for similar experiences to be developed in other regions, so as to consolidate the wealth of knowledge and tools available to schools and, ultimately, to improve population health outcomes. The results are particularly interesting not only because of the effects on school injuries observed during the period of study, but also because of the positive consequences which the promotion of a safety culture could have for the workforce of the future. 
Introduction
T eenage childbirth is considered a public health problem. Apart from adverse health effects related to pregnancy and childbirth complications, teenage childbirth can have deteriorating effects on the transition into adulthood. 1 Since adolescent pregnancies and childbirths have declined for more than a decade, prevention efforts have increasingly begun to target high-risk groups, including child welfare youth. 2, 3 For these groups, there is limited information available for identifying successful prevention strategies.
Sweden, the focus of this study, has one of the lowest teenage childbirth rates in the Western world, 2.6% in 2013. 4 But as in other countries, teenagers involved with the child welfare system have far higher crude rates than peers, roughly comparable with national population rates in the US. 5 Yet there is heterogeneity between subgroups with child welfare experiences. In a national cohort study, one in six girls placed in out-of-home care (OHC) during adolescence became a mother before age 20, compared with one in 35 among majority population girls. Risks for young women involved with child welfare authorities at an earlier age were lower. 5 The highest rates (28%) have been observed for girls placed in societal care due to behavioural problem, 6 confirming that teenage childbirths are strongly associated with conduct problems. 7 Studies of risk factors for teenage childbirths among child welfare youth have produced a variety of results, mostly based on small sample studies. Some have reported factors that are highly frequent in this subgroup, like adverse family background (often coupled with poverty), experiences or child maltreatment and characteristics of OHC environments. 8 Others have had a stronger focus on risk factors commonly found in studies of teenage childbirth among majority population peers, like school failure, intergenerational transmission of teenage parenthood, low family socioeconomic status and family disruption. 5 A national cohort study on the use of hormonal contraceptives showed that female child welfare clients had much higher usage rates up to age 17, in comparison with majority population peers. But at age 18-19 this pattern was reversed. 9 This may suggest that many Swedish child welfare girls in their upper teens actually plan early pregnancies. 10 After adjusting analyses of population samples for the strong selection factors that characterises child welfare youth, high crude risks for teenage childbirths are usually substantially reduced but not obliterated. 5, 11 Research into effective social prevention strategies are often interested in assessing the extent to which associations between modifiable risk factors and outcome are confounded by other variables. 12 Using longitudinal register data for more than 700 000 Swedish females born 1973-1989 (including around 29 000 child welfare clients), and a novel decomposition method developed for non-linear regression models, 13 this study extends previous research by asking to what extent the observed elevated risk of teenage childbirth among child welfare groups is attributable to the uneven distribution of adverse individual and family background factors.
